and Afghanistan. Population-based health services research has generally not been possible in prior wars due to lack of integrated electronic databases. In addition, virtually all studies of the mental health impact of prior wars have been conducted many years after veterans returned from combat. [1] [2] [3] [4] [5] [6] [7] [8] The current war in Iraq and Afghanistan offers a unique opportunity to study the impact of deployment on mental health care utilization immediately after returning from deployment due to the availability of integrated electronic health care databases that are population-based. In addition, data are available from a mental health screening program mandated for all US service members returning from deployment that affords a unique opportunity to study the relationship of screening to subsequent mental health care use. Population-level mental health screening has been controversial. A recent commentary raised a number of questions about the utility of mass population-level screening for deploymentrelated mental health problems, including the validity of the instruments for this purpose and the potential impact that screening can have on medical resources. 10 To date, there has been no assessment of the lessons learned from the current US military postdeployment screening effort.
The primary objectives of this descriptive study are to determine the relationship between deployment to Iraq and Afghanistan and mental health care utilization during the first year after return and to evaluate lessons learned from the postdeployment mental health screening effort, particularly the correlation between screening results and actual use of mental health services. In addition, this study provides preliminary data on the potential occupational burden of postdeployment mental health concerns, as measured by attrition from service.
METHODS

Source of Data
In April 2003, one month after the ground war began in Iraq, the US De-partment of Defense mandated that all service members be required to complete a brief Post-Deployment Health Assessment (PDHA) immediately upon return from any deployment using revised Department of Defense Form 2796. 11 The purpose of this screening is to review each service member's current health, including mental health or psychosocial issues, possible deployment-related exposures, and to discuss deployment-related health concerns. The PDHA instrument consists of 3 pages of self-administered questions pertaining to deployment location, general health, physical symptoms, mental health concerns, and exposure concerns. 11 About a half a page is devoted to questions related to mental health concerns, including posttraumatic stress disorder symptoms, depression, suicidal ideation, aggression, and interest in receiving mental health services. The forms are completed either electronically using handheld devices or on paper surveys immediately before leaving country or within 1 to 2 weeks of returning home. All service members who complete the PDHA instrument are interviewed immediately by a credentialed health care professional (physician, nurse practitioner, or physician assistant) who makes a determination about whether referral for further evaluation is required. The PDHA form presents prompts to help the professional document concerns and referral needs and discuss resources to resolve postdeployment issues. 11 Mental health services are available on site to handle immediate referrals (such as for suicidal ideation); most referrals are nonurgent and are scheduled after the service member returns to his/her home base. The completed original PDHA is maintained in the individual's permanent medical record, and a copy is sent to the Army Medical Surveillance Activity for integration into the Defense Medical Surveillance System (DMSS) database. The DMSS, the source of data for this study, is an integrated public health surveillance database that includes data on all health care visits among military per-sonnel, as well as demographic data (eg, age, sex) and service-related data (ie, date of entry into service, date of separation from service, rank, service component, occupation, and deployment history). 12
Study Population
We conducted population-based analyses of 303 905 Army soldiers and Marines who completed a PDHA between May 1, 2003, and April 30, 2004 , on return from deployments to Operation Enduring Freedom (OEF, Afghanistan), Operation Iraqi Freedom (OIF, Iraq, Kuwait, Qatar), and other locations (eg, Bosnia, Kosovo). Although Air Force and Navy personnel also serve in the combat environment, the majority of ground combat units are Army and Marine. To enhance comparability with existing published data pertaining to the mental health effects of combat, 9 the study focused on Army and Marine personnel. This is a descriptive study with rates expressed as a function of total personyears of follow-up after deployment. All service members who completed the PDHA screening process were followed up using the DMSS for up to 12 months after deployment or through the date that they left military service if this occurred sooner. The 303 905 service members included in the study contributed a total of 280 907 person-years (11 months per person on average). Of the 303 905 service members included in the study, 50 611 (16.7%) left military service at some time during the 1-year follow-up period. Initial analyses showed that the demographics of the service members and the study findings were similar comparing the data-entered and electronic versions of the PDHA (data not shown). Thus, all data were combined.
Analysis of PDHA
The PDHA includes 2 stem questions for depression modified from a validated instrument widely used in primary care settings, the 2-item Patient Health Questionnaire that includes depressed mood ("felt down, depressed, or hopeless") and anhedonia ("little interest or pleasure in MENTAL HEALTH PROBLEMS AFTER DEPLOYMENT TO IRAQ OR AFGHANISTAN doing things"). [13] [14] [15] A positive response to either question was considered to be a risk factor for depression. 15 The PDHA includes a 4-item screen for PTSD, developed by National Center for PTSD for primary care settings (Primary care-PTSD screen or "PC-PTSD"). 16 This screen includes 4 questions covering the key domains of PTSD, including re-experiencing trauma, numbing, avoidance, and hyperarousal. Endorsement of any 2 of the 4 questions was considered to be at risk of PTSD. In addition to the above scales, the PDHA also includes 4 questions pertaining to suicide, interpersonal relationships, and interest in receiving care. Individuals who endorsed any of the following were also considered to be at increased risk of a mental health problem: (1) expressing "interest in receiving help for a stress, emotional, alcohol, or family problem" or had sought or intended to seek counseling for a mental health problem, (2) reporting "thoughts that you would be better of dead or hurting yourself in some way" (question modified from 9-item Patient Health Questionnaire), (3) reporting thoughts or concerns about "conflicts with close friends or family," and (4) feeling that one might "hurt or lose control with another person." The PDHA does not include screening for anxiety disorders other than PTSD because there is considerable overlap with PTSD and depression. The PDHA also does not include screening for substance abuse because access to alcohol and other substances is very limited in the war-zone.
We assessed the relationship of endorsing a mental health concern with combat experiences included on the PDHA survey. Prior trauma is not assessed on this form. The survey asked 3 questions: (1) "Have you seen anyone wounded, killed or dead during this deployment?" (2) "Have you engaged in direct combat where you discharged your weapon?" and (3) "During this, deployment did you ever feel you were in great danger of being killed?"
From the PDHA, we also identified individuals who were referred by the credentialed health professional for fol-low-up for a mental health problem, defined as referral for a mental health, combat stress, or family problem. These referrals were correlated with actual health care utilization in military mental health clinics using the DMSS database. To measure occupational burden, mental health concerns were also correlated with attrition from service, defined as leaving military service for any reason (both voluntary and involuntary) during the follow-up period, a definition that has been validated in previous research. 17, 18 Health Care Utilization Health care utilization data from DMSS were extracted for each person from the date of his/her PDHA completion through the 12-month follow-up period. Health care utilization data in DMSS were obtained from all permanent US military medical facilities, as well as care at other health care facilities reimbursed by the military. An electronic record is generated for all hospitalizations and ambulatory visits and includes date of visit; clinic type; diagnoses coded using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), and personal identifiers that allow integration with the personnel (denominator) data files. The accuracy of military inpatient electronic data has been shown to be comparable with that of other large health services information systems in the civilian sector. 19, 20 We analyzed mental health care diagnostic categories based on the primary diagnosis coded using ICD-9 and type of service, with mental health services defined as psychiatry, psychology, social work, alcohol or substance abuse, and multidisciplinary community mental health clinics. A health care visit for a mental health problem was defined as any visit during which a mental disorder diagnosis (ICD-9-CM category 290-319) was used or an ICD-9-CM V code was assigned that indicated treatment for a mental health problem (including partner relationship problems; family circumstance problems; maltreatment-related codes; lifecircumstance problems; and counseling for mental, behavioral, or substance abuse) using previous described coding algorithms. 17, 18 Only primary diagnoses were analyzed, because clinicians are less consistent in recording more than 1 diagnosis in the electronic record. Tobacco dependence (ICD-9-CM, 305.1) was excluded since tobaccocessation efforts within primary care clinics are not treated as mental health problems. Annualized rates of utilization were calculated by counting all visits over total person-years. To determine the rate of utilization of services for distinct individuals, only 1 visit for a mental health problem was counted, prioritizing the first visit that involved an ICD-9-CM 290-319 diagnosis code over V code visits.
Institutional Review
This study was conducted under a human-use protocol approved by Walter Reed Army Institute of Research scientific and human use review committees. The protocol did not require informed consent of participants because it was based entirely on the use of existing medical data that are routinely collected for public health surveillance purposes. 21,22
Statistical Analyses
We used SAS version 9.1 (SAS Institute Inc, Cary, NC) for all statistical analyses. Because of the extremely large study size that included the entire population, virtually all comparisons would be statistically significant; therefore, comparisons using odds ratios (ORs) with 95% confidence intervals (CIs) and 2 testing were only used to confirm important epidemiologically plausible associations, such as the association of deployment location with mental health outcomes. Logistic regression was used to calculate ORs for outcomes adjusted for demographic variables shown in TABLE 1, which are noted in the article as "adjusted OR."
RESULTS
Prevalence of Mental Health Concerns Reported on the PDHA
A total of 493 888 PDHA forms were completed in the study period by 424 451 individuals. For service members who completed more than 1 PDHA after deployment, which occurred when forms were completed both before leaving the deployment location and just after returning home, only the latest was included in the analysis. Of the 424 451 individuals, 303 905 (71.6%) were Army and Marine service members who Table 1 ). The DMSS received PDHAs from 82% of Army and Marine service members who had a record of returning from deployment during the study period, based on checking all of the PDHAs against an additional administrative deployment data roster. The PDHA was less uniformly completed during the first few months of implementation as the program was being established. The 18% of service members who did not have a PDHA record (n=66 589) were very similar to those who had a PDHA by deployment location and demographics, except that service members who did not have a PDHA record were somewhat more likely to be active duty Marines (TABLE 2) .
The prevalence rates of mental health problems and combat experiences were consistently higher following deployment to OIF than to OEF or other locations (TABLE 3) . Overall, 19.1% of soldiers and Marines who returned from OIF met the risk criteria for a mental health concern, compared with 11.3% for OEF and 8.5% for other locations (adjusted OR for OIF compared with other deployment location: 2.72; 95% CI, 2.63-2.80; PϽ.001 and OEF vs other: adjusted OR, 1.55; 95% CI, 1.46-1.64; PϽ.001). The 8.5% compares closely with baseline data from another study of soldiers surveyed before they deployed for the first time to Iraq and Afghanistan. 9 CI, 21.0-23.3; PϽ.001). The total number of OIF veterans who were referred was 9611 (Table 3) .
Among OIF veterans, the prevalence of mental health problems was similar across components (data not shown). Overall 18.4% of active component service members screened positive for 1 of the mental health concerns compared with 21.0% of National Guard members and 20.8% of Reserve component members. There were small 2004. †Positive response to any of the 8 criteria: little interest or pleasure (a lot); feeling down (a lot); interest in receiving help for stress, emotional distress, family problem (yes); thoughts of hurting self (some or a lot): PTSD screen positive (Ն2); thoughts of serious conflicts with others (yes); thoughts of hurting someone or sense of a loss of control with others (yes); and have sought or intend to seek care for mental health (yes). ‡Referred for combat or an operational stress reaction, family problems, or mental health diagnosis based on health professional interview. Most referrals also met criteria for mental health concern on PDHA. For OIF 7797 of 9611 met criteria for mental health concern; for OEF 268 of 326 met criteria; for other 460 of 582 met criteria. §Operation Iraqi Freedom deployment location compared with other location was significantly associated with all outcomes shown in the table after controlling for demographics listed in Table 1 using logistic regression. Operation Enduring Freedom deployment location compared with other location was significantly associated with all outcomes except suicidal ideation and hospitalization, after controlling for demographics.
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©2006 American Medical Association. All rights reserved. differences by sex; 23.6% of women reported a mental health concern compared with 18.6% of men.
Exposure to a combat situation was correlated with screening positive for PTSD among OIF veterans. Of 21 822 service members who screened positive for PTSD (Ն2 on the PTSD scale) after returning from OIF, 17 364 (79.6%) reported witnessing persons being wounded or killed or engaging in direct combat during which they discharged their weapon compared with 95 894 (47.8%) of 200 798 who screened negative for PTSD (OR for PTSD, 4.26; 95% CI, 4.12-4.41; PϽ.001).
Although we had no direct data on combat-related injuries in the DMSS, the PDHA included a question about having been hospitalized during deployment, which may serve as a surrogate for injuries. Hospitalization was significantly associated with deployment location (Table 3 ) and reporting a mental health concern on the PDHA. Among 14 777 OIF veterans who were hospitalized, 5174 (35.0%) reported a mental health problem and 1394 (9.4%) were referred to mental health compared with 37 332 (18.0%) and 8217 (4.0%), respectively, of 207 843 OIF veterans not hospitalized (OR, 2.46; 95% CI, 2.37-2.55; PϽ.001 mental health problem and OR, 2.53; 95% CI, 2.38-2.69; PϽ.001 referred).
Referral to Mental Health Care and Rates of Utilization of Mental Health Services
Operation Iraqi Freedom veterans used inpatient and outpatient mental health services at higher rates after deployment than OEF veterans and service members who deployed to other locations (TABLE 4 and TABLE 5 ). Among 222 620 OIF veterans, 68 923 (31.0%) were documented to have had at least 1 outpatient mental health care visit within the first year postdeployment ( Table 5 ). Among the 68 923 total OIF veterans who accessed mental health services in the year after deployment, only 5216 (7.6%) had a referral to mental health recorded on their PDHA form. Of the 68 923, 8224 (11.9%) had their first visit on the same day as the PDHA, 6133 (8.9%) within the first week, 17 406 (25.3%) within 1 to 4 weeks, 14 444 (21.0%) in the second month, and 22 716 (33.0%) greater than 2 months after the screening.
Of 9611 soldiers and Marines from OIF who had a referral indicated on the PDHA for a mental health reason, 5216 (54.3%) were seen in a mental health clinic during the follow-up period, including 2978 (57.1% of those seen) who received a diagnosis of a mental health problem. An additional 192 were seen in a primary care or other clinic and received a diagnosis of a mental health problem. Thus, 5408 (56.3%) of the 9611 OIF service members referred through the PDHA screening process were documented to have received mental health care. A similar utilization rate among referrals was observed for OEF veterans (48.2%) and those who returned from other deployments (51.4%).
Additional analyses were conducted on mental health care utilization rates for all active component Army 
Attrition From Military Service
Those who screened positive for a mental health concern were significantly more likely to leave service for any reason during the year after deployment than those who screened negative for all deployment locations (TABLE 6). Operation Iraqi Freedom veterans were sig- nificantly more likely to leave military service (17.3%) than were OEF veterans (13.7%; OR, 1.33; 95% CI, 1.27-1.39; PϽ.001) or veterans of other deployments (15.0%; OR, 1.19; 95% CI, 1.16-1.22; PϽ.001). The DMSS data system does not include accurate data on the reason for leaving service, so these differences reflect the rate of attrition for any reason, including voluntary separation due to the end-ofservice obligation.
COMMENT This is the first analysis of data collected as part of the US Department of Defense mass population-level screening for mental health problems among service members returning from ground combat operations in Iraq and Afghanistan. Among soldiers and Marines who returned from Iraq, 19.1% screened positive for a mental health concern compared with 11.3% after Afghanistan, and 8.5% after other deploy-ments. These rates paralleled reported combat experiences and emphasize the fact that the need for mental health services is likely to vary as a function of combat exposure.
The most important finding of this study was the high rate of utilization of mental health services documented among OIF veterans in their first year after returning from deployment compared with veterans returning from other locations. Population-based health services research has been difficult in prior wars due to the lack of availability of integrated electronic health records. This study shows that approximately one third of OIF veterans accessed mental health services in their first year after deployment, 12% per year received a diagnosis of a mental health problem, and an additional 23% per year were seen in mental health clinics but did not receive a diagnosis. It is not clear why there was such high use of mental health services without a mental illness diagnosis. It is possible that less descriptive diagnostic codes are being used among service members returning from deployment to reduce the stigma of receiving a mental health diagnosis. 9 In addition, mental health professionals on site during the PDHAs may have counted workload incurred by helping in the screening process itself since approximately 11% of the initial visits occurred on the same day as the screening. Nevertheless, even if these were excluded, the rates of utilization of mental health services were markedly higher among OIF veterans than OEF and other veterans, or compared with baseline rates. 17 Rates of mental health care use for the entire Army and Marine population have shown linear increases over time since 2000, providing further evidence that the war is burdening the health care system at large. These findings highlight the challenges in assuring that staffing levels of mental health services are sufficient to meet the needs of returning veterans.
This article also provides important findings about the US military's deployment mental health screening effort. A recent commentary questioned the utility of mass population-level screening for deployment mental health concerns. 10 The screening techniques for mental disorders included on the PDHA combine scales adapted from primary care settings but were not yet validated as a useful tool at a masspopulation level for assessment of mental health problems resulting from exposure to war. The findings from this article support the construct validity of the items included on this screen, particularly the strong linear relationships of mental health problems with deployment location and combat exposure.
In a recently published study of 1709 combat soldiers and Marines surveyed 3 to 4 months after returning from OIF deployment, 9 investigators reported that 12% to 20% met screening criteria for PTSD, depending on what cutoff was used on the standardized instrument. This compares with 4.8% to 9.8% in this population-level screening using either 2 or 3 items out of the 4-item PTSD screen as a cutoff. Although the rates differed, these 2 studies showed highly comparable trends in the relationship of PTSD symptoms with deployment location and combat experiences. There are several likely reasons for the differences in rates in these 2 studies, including the different scales used, whether the surveys included identifiers, and particularly differences in the timing of the surveys. A recent report indicated that service members are more than 2 times as likely to report mental health concerns 3 to 4 months after returning from deployment compared with reporting immediately on return, 23 and this has led to a decision to expand the scope of the current US military screening program to include a repeat measure at 90 to 180 days after deployment. 24 Although the findings from this article suggest that the individual mental health questions on the PDHA in- strument had good construct validity, several findings highlight the problems with population screening, in which screening tools may have limited predictive value for individuals. The screening program appeared to have low sensitivity because only 7.6% of service members seen in mental health clinics in their first year after return from deployment were referred through the PDHA process. In addition, among OIF service members who reported mental health concerns on the PDHA, fewer than 20% were referred by the interviewing professional. Presumably, in many instances the symptoms were considered sufficiently mild to be managed conservatively either through routine primary care or through reevaluation at a later date. This suggests that the screening instrument applied immediately on return from deployment has low specificity and positive predictive value. Positive predictive value is highly dependent on the prevalence of the disorders, and the predictive value would be expected to be lower for screening tests applied on return from deployment compared with 3 to 4 months later.
Collectively these data suggest that the mental health portion of the PDHA screening provides an indicator of deployment-related mental health concerns on a population level but may have limited utility in predicting which individuals will use services, at least as the screening is being used now, immediately on return from deployment. One of the risks of any population-screening program is overburdening the medical system due to increased referrals, 10 but in this case the majority of mental health care after return from deployment did not appear to be linked to the screening. The level of mental health care use after deployment was far above what would be predicted by the screening program. It will be important to see whether the repeat screening program being implemented 90 to 180 days after deployment, when the prevalence of mental health problems is likely to be higher, will result in a stronger relationship to mental health care utilization.
An encouraging finding is that 56% of OIF veterans and a similar percentage of veterans from other deployments who were referred to mental health care were documented to have received a mental health evaluation either in the primary care or specialty mental health care setting. This is somewhat higher than what has been reported in civilian studies, 25 and it is likely that the rate of utilization is higher because services may also be received through sources that are not captured in the clinic utilization data, such as chaplains, employee or family assistance programs, or during visits for other primary care health concerns.
In addition to the burden on the health care system, this study showed that reported mental health concerns on the postdeployment assessment were correlated with attrition from service. Studies conducted prior to OIF and OEF have documented that mental disorders are the leading medical correlate with attrition from military service. 17, 18, 26 Findings in this study confirm that mental health problems associated with combat deployment also have important occupational effects. Although attrition included voluntary as well as involuntary reasons for separation, this definition has been validated in previous research as a general measure of the occupational impact of mental health problems. 17, 18, 26 The attrition associated with high rates of mental health concerns and high use of services has important implications for projecting mental health needs in the Veterans Affairs health care system.
One important observation is that two thirds of service members who accessed mental health care did so within 2 months of returning home. This is encouraging in the context of current public health efforts to increase earlier identification and treatment of mental health problems. 27 However, it is not clear that utilization of services paralleled expected prevalence and need, based on studies that have shown increased rates of mental health problems 3 to 4 months after deployment. 9, 23 This suggests that there are still considerable barriers to care, as also noted in a study that showed that more than 60% of veterans of the Iraq war who screened positive for PTSD, generalized anxiety, or depression did not seek treatment. 9 There are limitations in using large administrative data systems to draw conclusions about the impact of combat deployment on mental health care utilization. Mental health problems treated in primary care settings may not be coded under the primary diagnosis, and service members may receive care from civilian professionals not connected with the military health care system. Thus, this study likely underestimates the total utilization of services for mental health problems. There are also limitations in not being able to examine utilization of services for specific diagnoses because much of the care in the military mental health care system is not coded under traditional mental disorder codes 18 and clinicians may not always record all secondary diagnoses.
Despite these limitations, this study provides new data showing the strong relationship between combat duty and a variety of mental health outcomes and most importantly high mental health care utilization in the first year after deployment. The findings have important implications for estimating the level of mental health services that may be needed in military, Veterans Affairs, and civilian practice settings that care for returning veterans. Additional research is needed beyond a year after deployment to determine the long-term burden that this war will have on the mental health care system. 
